The 22 -21, 30 -31' 4_3 -31, and the 50 -51 rotational absorption transitions of HDO have been observed and identified on the basis of their Stark effect. By comparing the theoretical and experimental Stark shift, the dipole moment for all these transitions has been measured as 1. 84 .01. The effective HOD angle is also determined as 1040 + 30' and the asymmetry coefficient, K , as about -.696.
Introduction
The intermediate heavy water molecule, HDO, has not been studied as fruitfully as have the H 2 0 and D 2 0 isotopic forms. The pure rotational spectrum of the intermediate molecule observed in the infrared is, of course, hopelessly complicated by absorption due to the inevitable HO2 and D 2 0 impurities. However, King, Hainer, and Crossl (KHC) have re-analysed existing vibration-rotation data and on the basis of a rigid rotor model have published a table of expected absorption frequencies in the microwave region.
One might expect that little could be said about the HDO molecule if these absorption frequencies were measured since, for example, centrifugal distortion of the energy levels would obscure any relation between the absorption frequencies and the molecular structure. It is inevitable that with a molecule as complicated as HDO, an asymmetric top, those rotational energy levels having magnitudes of several hundred wave numbers may not be calculated exactly from measured energy-level differences of the order of one wave number.
On the other hand, such measurements are of value in determining the usefulness of a rigid rotor analysis, and in supplementing infrared data used in assigning term values. Stark effect measurements also provide additional structure data in the case of HDO, as we shall show below. A study of the absorption due to HDO in the microwave region can thus be of use, although application of the data is certainly more limited than in the case of a linear or a symmetric top molecule.
Experimental Measurements
The sweep spectroscope and frequency standard used in these measurements have been described elsewhere.2 Since KHC have pointed out that centrifugal distortion effects cancel out rather well in J = 0 transitions, these transitions were first studied. P1.g , r:Jlr:)l deduced from the KHCO paper. The term value differences ), -W() mus be calculated by using a rigid rotor model with the above parameters. In general the most important term is the one with the smallest energy difference in the denominator, and this usually corresponds to the transition frequency measured in the microwave region. Since this energy difference is therefore known very accurately, the major term in the above summation is thus known to an accuracy limited only by the validity of the interpolation of the line strength. The other terms essentially form a small correction factor so that rigid rotor term values are sufficiently accurate for use in their denominator. The observed Stark splitting was so good even with an estimated value for 8 that we assumed the 20,460.40 M/sec to be due to the 4_3 -31 transition in HDO.
We may now look at the complete picture on the basis of this tentative identification to expose any inconsistencies. Since the rigid rotor predicted frequencies are so close to the observed frequencies for AJ = 0 transition, it may be assumed that centrifugal distortion in the two levels involved in each case is approximately the same. In any case, for a rigid rotor 
this expression is in error by .3 per cent at K= -.8, and -.6 with no error at K = -.7. The theoretical Stark effect may then be written in the Table I .
The experimentally observed Stark shifts are also listed in Table I . By imposing the condtion that the ratio of the M-derendent to M-independent coefficients in both the observed and calculated Stark formulae be equal, 82
and 85 may be determined uniquely. With values of 8 so determined, the dipole moment may be obtained by using the condition that both the observed and calculated Stark formulae have the same magnitude. The 's and 8Is so determined are listed in Table II. The 30 -31 and 4_-3 -31 transitions must be handled differently since K, 8, and enter explicitly into the Stark effect of these two transitions. The situation is under-determined, and so no explicit values for those parameters may be obtained. It would naturally be desirable to have K and 8J for these two transitions turn out to be identical since the 31 term participates in both. However, as we have indicated above, 8 must be considered only a parameter, or an effective angle in a rigid rotor Stark-effect calculation. Also it would be well to have A close to the value determined from the J = 2 and J = 5 transitions. Knowing the desired solutions then.
one particular solution is: IL 3 3 = 1.85, t 3 4 = 1.83, 833 = 19°501 Further, the asymmetry parameter may be shown to be about -.696 from the Stark data. This value of is also in agreement with the KHO determination. It should be noted that though a value of KC had to be known before the Stark data could be reduced, this value needed to be
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-7- It has been pointed out to us by E. B Wilson, Jr. that the dipole moment is of interest to correlate experimental and theoretical studies of the line shape and intensity in this transition.
Van Vleck 4 has shown that if a value of the dipole moment of 1.84 debye is used and the line breadth parameter is adjusted to fit the observed line shape, the calculated peak absorption for the 5_1 -6_5 absorption in H20 is low by about 20 per cent. If the moment observed in microwave Stark measurement for this transition is used, the discrepancy is reduced to 10 per cent and the agreement of theory with experiment is markedly enhanced. Van Vleck mentions other effects which could also contribute to this discrepancy, so that for the present one can only say that these absorption studies are not in disagreement with the high dipole moment determined from the Stark effect.
